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Introduction
Food allergy is an important and rising clinical prob-
lem [1-3]. The pathogenesis of allergic diseases is not
yet clear. In persons allergic to foods after eating harm-
ful food, there appear some mastocytes releasing his-
tamine and tryptase, as well as eosinophils and neu-
trophils  [4]. Eosinophils are important cells contribut-
ing to the development of allergic reaction as well as
participating in maintaining the general and local
inflammatory reaction [5-7]. There are also several
TLRs receptors expressed on their surfaces [8].  Neu-
trophils on the other hand play an important role in
delayed allergic reactions [9,10] as well as  in natural
immunity, inflammation and immunoregulation. Neu-
trophils secrete cytokines (IL-13, IL-6, IL-8, IL-12).
Several TLR receptors which are transmembrane pro-
teins are present on the neutrophils' surface. Among
them are TLR 1, 2, 4, 5 and 6, which have both intra-
cellular and surface expression, whereas the expres-
sion of TLR receptors 7, 8, 9 is mainly intracellular,
where they identify virus or bacterial nucleic acids
[11-13]. Many authors suggest an essential contribu-
tion of TLR4 (component of natural immunity) in the
development of allergic reactions. A stimulation of
TLR4 receptor e.g. allergens leads to the activation of
nuclear factor kappa B (NF-κB) and many genes
included in the immunologic reaction [14-16]. TLR4
receptor also influences the functions of neutrophils
[17]. The connections between TLR4 receptor, neu-
trophils and food allergy have not been explained fully
yet. Recently, besides the well known pathogenic
mechanisms contributing to allergic reaction, an
important role of reactive oxygen species (ROS) is
underlined too, among them are: superoxide anion,
hydroxyl radical, singlet oxygen and peroxyl radical.
The release of these compounds from neutrophils is
accompanied by photon emission measured by chemi-
luminescence (CL) [18,19]. ROS created in the cell
have influence on different structures and, can also
activate NF-κB and numerous genes. ROS excess is
neutralized by antioxidative system [20-22]. Physio-
logically, the balance between oxidative and antiox-
idative processes in the body is maintained. Disorders
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in this balance can lead to oxidative stress which
results in more and more frequent reactions with ROS
presence. The results of the research of other authors,
including our previous studies in children with food
allergy showed an increase of CL [19,21,23]. Besides,
many authors have also shown an increase of chemilu-
minescence in children with bronchial asthma [24-27]
and weakening of this phenomenon in children with
recurrent respiratory infections [23,28,29]. The aim of
this study was the estimation of mRNA TLR4 receptor
expression on the surface of neutrophils and on the
chosen parameters of oxidative-antioxidative system
in the blood of young children with food allergy.
Material and methods
Patients. 35 children suffering from food allergy and 15 healthy
children hospitalized in the Second Department of Pediatrics and
Allergology at the Polish Mother's Memorial Hospital- Research
Institute were included in this study. The age of these children
ranged from 1 to 36 months.  Among the examined children infants
were most numerous constituting 58% of patients. The basis of the
diagnosis of cow's milk proteins allergy was the presence of aller-
gy symptoms, positive results of elimination and the provocation
challenge on cow's milk proteins. Moreover, it was also shown
through the presence of antigen-specific IgE antibodies (asIgE)
against milk proteins marked in blood sera. Among them 17 chil-
dren had asIgE against cow's milk proteins ≥2 class according to 4
degrees classification of atopy, and were included in IgE-depend-
ent allergy group. The remaining 18 children with correct results of
asIgE against milk proteins were included in IgE-independent
allergy group. The children from the control group had normal
somatic development, were healthy and had no symptoms of infec-
tious disease for at least the past 4 weeks.  
Total allergen-specific IgE (asIgE). Total allergen-specific IgE
against milk proteins which was performed in blood sera with
immunochemical method using IgE FAST PLUS test kit 3M 'Diag-
nostic System".  Concentration ≥2 class (≥0.76 IU/ml) was consid-
ered abnormal according to four degree classification of atopy
[30].
.       
TLR 4 expression assay. Whole blood granulocytes isolated in
mean amount 106 (±4%) were resuspended in  30 μl of  PBS and
total RNA isolation was carried out using RNeasy Mini Kit (Qia-
gen,USA) according to manufacturer's procedure. A single -stage
reaction was carried out with the help of Techne Flexi Gene (GB)
thermocycler  and One-step RT-PCR Kit (Qiagen, USA) using 10 μl
of  total RNA isolated were used to amplification  TLR 4  specific
product. Thermal profile of RT-PCR reaction were as follows: 30
cycles – 52°C – 30 min., 95°C – 15 min., 94°C – 35 sec., 49°C –
45 sec., 72°C – 1 min. RT-PCR reaction product analysis was car-
ried out using agarose electrophoresis (1.7% gel, TAE buffer) fol-
lowed by ethidium bromide staining and EDAS 290 (Kodak, USA)
scanning system with Kodak 1D Image Analysis Software. To
evaluate TLR 4 expression rate "0" to "10" optical density  (OD)
was adopted, where "0" was the lowest OD and "10" the highest
one. The values between this range show relative expression of
TLR receptor.
Neutrophils chemiluminescence (CL). The activity of human
neutrophils in the resting state and after priming with TNF  (10
ng/ml) was assessed. The tests were prepared using the whole
blood CL method with luminol and the following patterns were
applied: no stimulators and after stimulation with bacterial peptide
N-formyl-methionyl-leucyl-phenylalanine (fMLP), opsonised
zymosane (OZ) and phorbol myristate acetate (PMA). In the prim-
ing pattern, the blood samples were incubated for 15 min at 37°C
with TNFα (10 ng/ml) before performing the measurements. CL
measurements were performed at 37°C with a MLX Microtiter
Plate Luminometer (Dynex, USA). The CL intensity was measured
for 0.2 sec. every 2 min and expressed in Relative Light Units
(RLU) Max and Total.  
Total antioxidant status (TAS). Antioxidants were measured in
the sera. All reagents were provided by Randox Lab (UK). The
examination was performed using a Randox Lab. set on 96-cell
transparent plates. The reading the absorbance of the examined
serum samples and standards was performed with the help of a
method of one-point measurement with wavelengths of 550 and
630 nm. The method is based on the ability of antioxidants to
reduce the radical action of ABTS +(catio 2,2'-azino-bis[3-ethyl-
obenzothazolino-6 sulfonate]) and to cause suppression of color
production in the sample. The obtained blue-green was measured
at 600 nm. The initial absorbance (after adding chromogen) and
absorbance 3 min after adding the substrate (hydrogen peroxide)
were measured. The concentration of antioxidant was calculated
based on the absorbance after adding the substrate and the initial
absorbance. The results were shown in mmol/l. 
Ethical issues. The research was approved by the Polish Mother's
Memorial Hospital Ethical Committee and each time the consent
of parents or guardians was given. 
Statistical analysis. For parameters expressed by a range scale
(continuous parameters), the mean and standard deviation (SD) were
calculated. Normal distribution was confirmed with the help of
Shapiro-Wilk test at significance level p=0.05. The means were
compared between the groups by t-Student test for independent sam-
ples, and if the distribution normality hypothesis was rejected, non-
parametric Mann-Whitney U test was used. The frequency of the
given features occurrence when compared between the groups was
evaluated with the help of χ2 (chi-square) test, and when the assump-
tions were not fulfilled a more accurate Fisher's test was used. 
Results
The evaluation of mRNA TLR4 expression on periph-
eral blood neutrophils of all children with allergy and
children with no allergy symptoms were shown in Fig.
1. The results of this research revealed that the average
expression of this receptor was significantly lower in
children with allergy. However, the analysis of the
behavior of TLR4 receptor  depending on the type of
food allergy showed lower average values of this
receptor in children with IgE-independent allergy
(3.42±3.45) than in children with IgE-dependent
(4.2±2.7). The obtained differences were not statisti-
cally significant (p>0.05). 
The average values of reactive oxygen species
(ROS) in respective groups were summarized in Table
1. The average values of CL without stimulation in
children with allergy and control group were similar.
Only the use of factors stimulating neutrophiles such
as fMLP (N-formyl- methionyl-leucyl-phenylalanine),
OZ (opsonized zymosan) and PMA (phorbol myristate
acetate) resulted in the intensification of the phenome-
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non and the significant increase in mean values of
chemiluminescence in both groups of children with
allergies (IgE-dependent or IgE -independent), com-
pared with the children from the control group. The dif-
ferences were more clearly marked in children with
IgE-dependent food allergy, especially after stimulation
by PMA and OZ. The result of  the total antioxidants
status (TAS) evaluation in all groups of children were
shown in Fig. 2. It was found out that the TAS values
in children with allergy were indeed lower compared to
the examined children in the control group.  At the
same time the differences in the TAS values, depending
on the kind of allergy and compared to the children in
the control group were statistically essential only in
children with IgE-dependent allergy (Fig. 3). 
Discussion
Recently much research based on the mechanisms of
the development of allergic inflammation has been
carried out. Many authors indicate the important role
of TLR4 receptor belonging to natural immunity [11-
13]. TLR4 is the main receptor recognizing lipopolis-
charide (LPS), expressed on many cells and tissues,
including monocytes, macrophages and limphocytes
[31-33] .The results of our research showed a lower
mRNA TLR4 expression in children with food allergy
both IgE-dependent and IgE-independent, compared
with the reference group. It is important to stress that
no data were found in medical literature concerning
the estimation of this receptor in children with food
allergy. However, Prescott et al. [34] and Vanhisbergh
et al. [16] showed a lower expression of this receptor
in children with allergy in general. The research of
Remer et al. [35], important in food allergy, showed
that TLR4 is directly included in respiratory burst.
Lewkowicz et al. [17] indicate the role of this receptor
in the modulation of the function of neutrophils. The
results obtained by us suggest TLR4 contribution in
the development of allergic reactions and are similar to
the results of the other researchers showed TLR4
receptor presence in the pathogenesis of allergy
[25,36]. Neutrophils are activated after being triggered
by various stimulants such as: lipopolisacharydes,
endotoxins, cytokines, or mediators of inflammation,
which increase their metabolism and oxygen con-
sumption. As a result of this triggering, there follows a
production of highly reactive forms of oxygen (ROS)
[27,37,38]. The analysis of the results of neutrophils
activation on the basis of ROS production measured by
chemiluminescence (CL), did not show differences in
the primary CL values among the children from the
analyzed groups. However, the stimulation (fMLP,
PMA, OZ) leads to severity and significant increase of
average values of chemiluminescence in children with
food allergy, especially in IgE-dependent allergy com-
pared with the control group. These observations are
similar to the results of the previously conducted stud-
ies which showed higher mean values of CL in chil-
dren with food allergies [19]. Similar observations in
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Fig. 1. Average values of mRNA TLR4 expression in investigated
children. The results showed significantly lower mRNA TLR4
expression in all children with food allergy compared with refer-
ence group.
Fig. 2. Average values of TAS in investigated children. Statistical
significant lower average value was present in all allergic children
compared with reference group.
Fig. 3. Average TAS values in studied children including type of
allergy. The results revealed lower TAS average values in both
allergic group than in comparison group. Statistical significance
was present in relation to children from IgE-dependent allergy
compared with children from reference group.
children with bronchial asthma can be found in the
results of Bush and Calhoun [39] and other authors
[21,24,27].These observations suggest that the activa-
tion of neutrophils in children with allergy is probably
the result of the release of  mediators. The free radicals
(ROS) may influence the course of allergic inflamma-
tion stimulating the release of histamine by mastocytes
[40] and transport of ions in the cell as well as the syn-
thesis of prostaglandins and leukotrienes [41]. ROS
have also an impact on NFκB activation [42] and thus
may affect the expression of genes [35]. They can also
trigger a synthesis of proinflammatory cytokines and
can be intracellular apoptosis mediators [43]. Physio-
logically, the active forms of oxygen formed in the free
radical reaction participate in oxidative reactions
[29,38,44], and the excess of  free radicals and the
products of their disintegration are neutralized by the
defense mechanisms [21,44]. Normally, the balance
between oxidative and antioxidative processes   in the
body is maintained.  Disorders in this balance lead to
the increase of reactions induced by the ROS, to so-
called oxidative stress. The antioxidative barrier con-
sists of enzymatic and non enzymatic components.
Many authors pay attention to the impaired antioxida-
tive barrier in children with bronchial asthma [44,45]
and food allergy [21]. The results of our research in
children with allergy (IgE-dependent and IgE-inde-
pendent) showed a certain weakening of antioxidative
barrier expressed by lower average values of antiox-
idative total serum capacity (TAS), in comparison with
healthy children. It is also difficult to explain if the
observed lower values of TAS are primary or secondary
as a symptom of adaptation to raised ROS levels. How-
ever, the observed increase of ROS concentrations in the
examined children may suggest that this phenomenon
could also have influence on the weakening of oxidative
barrier.  It should be noted that the results of our study
suggest a potential participation of free radical reactions
in the pathogenesis of food allergy. 
Conclusions
1. The authors' results may suggest involvement of
natural immunity represented by the evaluation of
TLR 4 expression on neutrophils in the pathomech-
anism of food allergy in the examined children. 
2. It seems that ROS estimation by chemiluminescence
may be used as an additional diagnostic test in chil-
dren with allergy.   
3. The examined children with food allergy present
disturbances in oxidative-antioxidative balance.
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